28 Villar J, Smeriglio V, Martorell R, Brown CH, Klein RE. Heterogeneous growth and mental development of intrauterine growth retarded infants during the first 3 years of life. Paediatrics 1984;74:783-91 Results-Men and women who had had a small abdominal circumference at birth had raised serum concentrations of total and low density lipoprotein cholesterol and apolipoprotein B. This was independent of the duration of gestation. Serum concentrations of total cholesterol fell by 0 25 mmol/l (95% confidence interval 0 09 to 0.42) with each 1 in (2.54 cm) increase in abdominal circumference. The corresponding figure for serum low density lipoprotein cholesterol was 0-26 mmol/l (0.11 to 0 42) and for serum apolipoprotein B 0 04 g/l (0.02 to 0 07).
Sheffield.
Subjects-219 men and women born in the Jessop Hospital during .
Main outcome measures-Serum concentrations of total cholesterol, low density lipoprotein cholesterol, and apolipoprotein B.
Results-Men and women who had had a small abdominal circumference at birth had raised serum concentrations of total and low density lipoprotein cholesterol and apolipoprotein B. This was independent of the duration of gestation. Serum concentrations of total cholesterol fell by 0 Small head and chest circumferences at birth and short length were each associated with raised serum low density lipoprotein cholesterol concentrations but the trends disappeared in a simultaneous regression with abdominal circumference at birth. The association between abdominal circumference at birth and low density lipoprotein cholesterol concentration was independent ofsocial class, current body weight, cigarette smoking, and alcohol consumption.
Conclusion-Raised serum cholesterol concentrations in adult life are associated with impaired growth during late gestation, when fetal undernutrition has a disproportionate effect on liver growth. Impaired liver growth may permanently alter low density lipoprotein cholesterol metabolism.
Introduction
The reasons why serum cholesterol concentrations differ widely within and between populations are not understood. They are important because cholesterol may be directly concerned in the pathogenesis of atheroma and is strongly associated with the risk of coronary heart disease. 1 2 Experiments show that changing the diets of pregnant animals or their newborn offspring may permanently change the rate of cholesterol synthesis and excretion.3 Permanent changes in cholesterol metabolism may also be induced by cholestyramine given to mothers or neonates.45 Rats that are weaned prematurely have a raised serum cholesterol concentration in later life, which becomes apparent only after seven months,6 while breast fed baboons have higher ratios of serum low density to high density lipoprotein cholesterol concentrations in adult life than those fed on infant formulas.7 These observations suggest that the activity of enzymes controlling cholesterol synthesis and excretion may be programmed by nutrition during early development.
In humans there is limited evidence that nutrition before and immediately after birth influences lipid metabolism throughout life. In a study of men aged 59-70 who were born in Hertfordshire and whose birth weight, infant growth, and feeding were recorded, those who were heavier at birth were found to have lower serum concentrations of apolipoprotein B-the structural apolipoprotein linked to low density lipoprotein. 8 Those who had been breast fed beyond 1 year of age or who had been exclusively bottle fed had higher serum concentrations of total and low density lipoprotein cholesterol and apolipoprotein B. These patterns of feeding were also associated with raised death rates from coronary heart disease.
The findings in Hertfordshire are part of a growing body of evidence that the metabolic abnormalities which lead to coronary heart disease are programmed by nutrition in utero and during infancy. Studies show that men and women who had low growth rates in utero or in the first year after birth now have raised blood pressure,9 impaired glucose tolerance,10 abnormal blood coagulation," and raised death rates from coronary heart disease.'213 These associations are strong, graded, and independent of social class, smoking, and other aspects of adult lifestyle.
We measured serum lipid concentrations in a group of middle aged men and women who were bom in a maternity hospital in Sheffield during 1939-40. Our aim was to see whether retarded growth in utero led to the pattern of serum lipid concentrations that is associated with increased risk of coronary heart disease. Retarded intrauterine growth affects body proportions at birth as well as body size, and these particular men and women were studied because their birth records included not only birth weight but also length at birth and circumferences of We used the NHS central register to trace 1039 (87%) of the singleton infants who were bom in the hospital to married mothers during 1939-40 and for whom there were complete records. Of the 419 who were still living in Sheffield, 337 agreed to be interviewed at home and were visited by one of four fieldworkers. The fieldworker, who had not seen the birth data, measured height and weight. Father's occupation was used to define social class at birth, and current social class was derived from the subject's or husband's occupation. Smoking and alcohol consumption were recorded and categorised as described. 9 After the interview the subjects were asked to come to the Northem General Hospital, Sheffield, after fasting ovemight; 235 agreed. Fasting serum samples were analysed for total cholesterol, high density lipoprotein cholesterol, triglyceride, and apolipoprotein A I and B concentrations. Serum total cholesterol, high density lipoprotein cholesterol, and triglyceride concentrations were measured by standard enzymatic methods."'7 Interassay coefficients of variation for these assays were in the range 17% to 2-7%. Low 
Results
Of the 235 men and women who attended hospital for blood sampling after an ovemight fast, 219 had complete analyses of serum lipid concentrations. Their ages ranged from 50 to 53 years, with a mean of 52. Table I gives their mean body size measurements at birth, mean body mass index (weight (kg)/height (m) squared), and serum lipid concentrations and the proportions who were in social class IV or V and who were firstbom.
Men and women who had had low birth weights tended to have raised serum concentrations of total and low density lipoprotein cholesterol and apolipoprotein B, though the trends were not statistically significant. Duration of gestation, calculated from the date of the last menstrual period, was known for 190 subjects. Serum concentrations of the three lipids tended to be lower in people bom before 40 weeks. Table II shows the trends in lipid concentrations in a simultaneous regression with birth weight and duration of gestation. Birth weight is divided into the same groups as used in previous studies.9 The trends were of borderline significance.
Abdominal circumference at birth had been recorded for all except two subjects. Serum concentrations of total and low density lipoprotein cholesterol and apolipoprotein B fell between men and women whose abdominal circumference was 11-5 in (29 cm) or less at birth and those whose abdominal circumference was more than 13 in (33 cm) (table III). These trends were significant. p Values obtained by multiple linear regression were 0 01 for total cholesterol, 0 003 for low density lipoprotein cholesterol, and 0-004 for apolipoprotein B. Table III 
Discussion
This study shows that middle aged men and women who had had a small abdominal circumference at birth had raised serum concentrations of total and low density lipoprotein cholesterol and apolipoprotein B (table III, figure) . This association was independent of gestational age, indicating that it reflected an association with reduced rates of fetal growth rather than with premature birth.
The people in our study were born in hospital at a time when many births occurred at home, and they continued to live in the town where they were born. They were therefore unrepresentative of all people born in the town. As our analyses were based on comparisons within the sample, however, bias would have been introduced only if the relations between serum lipid values and fetal growth were different among people born in and outside hospital and between migrants and non-migrants. This seems unlikely to be the case. The associations between abdominal circumference and adult serum lipid concentrations were independent of possible confounding variables liked to adult lifestyle, including social class (table V) , cigarette smoking, alcohol consumption, and obesity. The trends in low density lipoprotein cholesterol concentrations associated with the range of abdominal circumference measurements at birth were stronger than those associated with the range of current body mass indices (table IV) . This is remarkable, as our findings are based on routine measurements of newborn babies, which must be liable to error.
Concentrations of total and low density lipoprotein cholesterol and apolipoprotein B tended to be higher in people who had had lower birth weight, though only the trend with apolipoprotein B was statistically significant (table II) fetus the ratio of head circumference to abdominal circumference is used as a measure of the ratio of brain to liver size in disproportionate growth of this kind. 23 The associations of serum lipid concentrations with small abdominal circumference, but not independently with small head circumference, suggest that lipid concentrations are related to growth failure in late gestation. We found that chest circumference did not predict serum lipid concentrations independently of abdominal circumference, which points to a specific association with growth failure of abdominal viscera, including the liver, rather than failure of growth of the trunk as a whole.
One explanation of our findings is that impaired growth of the liver in late gestation leads to permanent changes in low density lipoprotein cholesterol metabolism. The liver is thought to be the main site for synthesis of low density lipoprotein cholesterol in late gestation, and the human fetus requires large quantities at this time to sustain metabolic activities which include high rates of secretion of steroid hormones by the adrenals. The causes of fetal growth failure in the last trimester are mostly unknown. We suspect that poor matemal nutrition and consequent fetal undemutrition is a major influence.30 In our study lipid concentrations were unrelated to the external conjugate diameter of the mother's pelvis, and physiological constraint of fetal growth by maternal size does not therefore seem important.
Lowering serum cholesterol concentrations from 6-5 to 6-0 mmol/l has been estimated to reduce the risk Clinical implications * It is not known why serum cholesterol concentrations differ between one person and another * Studies in animals suggest that nutrition in utero permanently programmes lipid metabolism * 50 year old men and women who had a small abdominal circumference at birth had raised serum low density lipoprotein cholesterol concentrations * Impaired liver growth in late gestation may permanently alter low density lipoprotein cholesterol metabolism * Serum cholesterol concentrations in the population may be reduced by improving fetal nutrition of coronary heart disease by 30%.3' The differences in serum cholesterol concentrations associated with the range of abdominal circumference measurements at birth are at least as great (table III) . Current public health measures emphasise the importance of reducing weight to lower serum cholesterol concentrations in adult life. Our findings (tables III and IV) suggest that promoting fetal growth is another strategy.
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